Previous studies concerning the categorisation method have been based on short daytime measurements. These studies demonstrated urban-noise stratification in the daytime. Nevertheless, legislation and standards refer to noise estimation throughout the day. This paper presents the first attempt to apply the categorisation method to indicators obtained through long-term measurements. The study was conducted in Plasencia, Extremadura (Spain) which has approximately 41,500 inhabitants. First, we conducted a stratification of the roads using the categorisation method. Second, long-term measurements (approximately one week) were conducted at different sampling locations across different categories of streets. The results were analysed by category. Moreover, the profile of the noise-level variation was analysed during the day. The results revealed a stratification of sound levels measured across the different categories. Furthermore, we found health risks due to the noise levels in this town. Short-term measurements were also conducted to complete the categorisation method suitability analysis.
Introduction
Noise pollution is an environmental problem present everywhere in developed society. Numerous publications alert us to the dangerous effects of noise (EEA, 2009; WHO, 2011) .
Within concern for noise pollution, European legislation demands Member States to elaborate noise maps in population centres with more than 100,000 inhabitants (EU, 2002) . Nevertheless, many Europeans live in small towns; thus, they are excluded from these studies. For example, in 2010, 60.2% of the Spanish population lived in towns with less than 100,000 inhabitants (INE, 2010) .
The large percentage of people living in small towns makes devoting effort to these places necessary. For the current studies, our research group used a categorisation method to classify streets into different groups based on their use as communication routes. This in situ method has shown potential as a simpler and less resource-consuming method than gridbased experimental designs. Furthermore, it has revealed promising results in small (Rey Gozalo et al., 2012) and medium-sized towns (Barrigón Morillas et al., 2002; ; Carmona del . Recent publications have shown other applications using this methodology (Barrigón Morillas et al., 2010; Rey Gozalo et al., 2013) , and it has been compared with other in situ methodologies (Barrigón Morillas et al., 2011) .
Our previous studies have been based on short-term measurements from which we estimated sound levels during the day (L d ). However, the present study analyses, for the first time, the suitability of the categorisation definition by conducting long-term measurements to obtain the L d , L e , L n , and L den indices. Besides, relationships among short-term and long-term results are also analysed.
The main objective of this work was to study the performance of the categorisation method and the behaviour of city sound levels using long-term measurements (for approximately one week).
Besides, as a secondary objective, we analyse the acoustical situation of a small city in relation with international reference values.
Methods

Plasencia
Plasencia has a population of 41,500 inhabitants and is located in the north of the Extremadura region in south-western Spain. Despite its number of inhabitants, Plasencia is the second most populated town in the province and the fourth most populous in the region. The city's economy is based primarily on the trade and services sector which represents 68.3% of the employed population. It also contributes to the construction and industry sectors (19.3% and 8.7% of the employed population, respectively). The industry sector specialises in agricultural products. For over eight centuries, this village remained locked in a walled area and contact with the outside was conducted through doors and wall shutters. During the nineteenth century, the city grew outside the wall, primarily beside the Jerte River. As a consequence of this history (i.e. excessively narrow and elongated streets), there are problems with modern urban mobility. 
Categorisation method
The categorisation method is based on the widely accepted assumption that road traffic is the primary source of noise in most streets. The category definitions used in the present study are the same as in a previous work (Barrigón Morillas et al., 2005a) . A summary of the steps needed to apply this method can also be found in this publication.
Street categorisation
The town categorisation consisted in classifying each street into one of six categories. This step required approximately one week: one to two days of study using a map and the assistance of one of the town's residents, and four to five days of in situ study.
The final categorisation of Plasencia is shown in Fig. 1 . Only streets with housing were considered. All streets other than pedestrian, restricted-access, and so on not included in Categories 1 to 4 were included in Category 5.
Sampling point selection
Two types of measurements were conducted for the present study: short-term measurements and longterm measurements.
For the short-term measurements, once every street of the city had been assigned to one of five categories, ten sampling points were randomly selected in each category. Two methods were used: one for Categories 1 to 4 streets and the other for Category 5 streets. In the former method, the total length of streets that belonged to each category was calculated and denoted by L i , the length of category i (i = 1, ..., 4). Ten sampling points were located randomly between 0 and L i . The only restriction was that equivalent points (i.e., those located on the same street section with no intersection between them) were avoided; thus, only 9 sampling points for Categories 1 and 2 were chosen because it was impossible to select more non-equivalent points. Another random strategy was used in the latter method due to the large number of streets involved in Category 5 (n 5 ). Each street was taken as a single potential sampling point (p i , i = 1, ..., n 5 ) and ten sampling point selected randomly between 1 and n 5 and located in the middle of the segment that corresponded to the entire street. Locations of the 48 shortterm measurement points are shown in Fig. 1 and are superimposed on the street categorisation.
For the long-term measurements, several nonequivalent points were selected for each of the categories to locate the maximum number of sampling points. Special care was taken when selecting these points to assure the security of the monitoring equipment with respect to adverse weather conditions and vandalism. The locations of the 18 long-term measurement locations are presented in Fig. 1 .
Importantly, the categories do not have a standard size. Thus, to obtain average values for the entire city, each category was weighted by length. Table 1 shows the number of points measured in each category as well as the length percentage and the proportion of the population that lives in each category. 
Measurement equipment and procedure
In-situ noise short-term measurements were made from Monday to Friday in the daytime. Daytime was defined by the European Directive 20002/49/EC (COM, 2002) as from 7:00 a.m. to 7:00 p.m. This period was divided into four 3-hour periods and one noise measurement of 15 minutes of duration was carried out in each period to obtain a set of four independent measurements for each sampling point. Using this method, only one measurement was performed at each location per day and never during the same time interval.
All measurements were conducted following the ISO 1996-2 guidelines (ISO 1996-2, 2007) using 2260 and 2238 Brüel & Kjaer Type-1 sound level meters equipped with a tripod and a windshield. For the longterm measurements, a 2-metre extension pole separated the microphone from the building facade. For the short-term measurements, the sound level meter was located at a height of 1.5 metres and one metre from the curb. Calibration was performed using a 4231 Brüel & Kjaer calibrator twice a day. The measurement lasted for approximately a week for the long-term measurements.
Results and discussion
Preliminary analysis of long-term measurements
In the first step, long-term measurements values were normalised to the reference height of 4 metres (EU, 2002). For these calculations, the normalisation effects of geometric divergence for open profile streets (considering streets as a source of line noise) were considered, whereas the French Standard Guide du Bruit corrected the data from streets with a U-shape (CE-TUR, 1980). Variation of long-term measurements values during a week are shown in Fig. 2 for four sampling points.
In the second step, due to the significant differences between the sound levels of the different categories found in previous studies for short-term measurements (Barrigón Morillas et al., 2005a) , we decided to use the long-term measurements to analyse the sound level during a full week to search for similarities, tendencies, differences among categories, and so on. For instance, we analysed the difference between the temporal structure of noise levels in each category in order to check if this structure was similar in all the categories or if, as it happens with noise values, there were differences between categories. For this purpose, we used continuous partial trend models (Tomé, Miranda, 2005a; . This technique allows for a multiple linear fit by fitting least-squares continuous line segments to a continuous series with a minimum mean square error. After observing the sound-pressure profile of the long-term measurements (Fig. 2) and adjusting calculations with regard to 3, 4, and 5 breakpoints, we decided to analyse each day independently using 3 breakpoints. Table 2 presents the average values of the different breakpoints and the slopes of the lines that join these points for each category.
Considering the time at which a breakpoint first occurs, we are able to observe similar behaviours for the different categories:
• Workdays: The first breakpoint occurs from 4:00-5:00 a.m., which coincides with the start of city traffic (i.e. garbage trucks, the first human movements, and so on). The second breakpoint occurs from 8:00-9:00 a.m. when noise levels begin to rise. The third breakpoint occurs at 10:00 p.m. when sound levels stabilise and begin to decrease.
• Weekend: Human activity began later; thus, the first breakpoint is approximately at 5:00-6:00 a.m. Noise levels begin to rise at 10:00-11:00 a.m. (except in Category 5 in which noise rises at 9:00 a.m.). Finally, sound levels stabilise and start to decrease at 10:00-11:00 p.m.
Therefore, there were no important differences between the studied categories; however, we observed differences between workdays and weekend with respect to the breakpoints. Specifically, the first breakpoint oc-curs one to two hours later than in working days than weekends.
Then, considering the slope of the lines that join the breakpoints:
• Without considering the category, the slopes of Lines 1 (a reduction in noise levels from 10:00-11:00 p.m. to 4:00-6:00 a.m.) and 2 (an increase in noise levels from 4:00-6:00 a.m. to 8:00-11:00 a.m.) are more pronounced in workdays than weekends, whereas there was no difference with regard to the slope of Line 3. Line 3 has a slope value close to zero because the sound levels are approximately stable between 9:00 a.m. and 10:00 p.m.
• Comparing the slope means of the lines representing different categories, the slopes of Lines 1 and 3 do not differ across the different categories. Nevertheless, the slope of Line 2 increases when the category increases, especially on workdays. Thus, the sound level variation profiles of the different categories have many similarities to each other during the day. In any case, according to our long-term measurements, the slope that corresponds to the increase of sound levels from the morning (between 4:00 and 6:00 a.m.) to the evening (between 8:00 and 10:00 p.m.) increases with the street category. This finding might indicate other differences between the categories that should be investigated in the future.
Finally, the L d , L e , L n , and L den long-term measurement indices were calculated for each category (Table 3 presents these values). Two indices were calculated for L d : L d12 was calculated from 7:00 a.m. to 7:00 p.m., and L d16 was calculated from 7:00 a.m. to 11:00 p.m. Thus, considering the international reference values (e.g. 65 dBA, 55 dBA, or 45 dBA) and the average sonorous values for each category (Table 3), only the Category 5 L d16 was under 55 dBA, a level that the WHO considers as a serious annoyance (WHO, 1999) . This represents the 19% of the population living in this town (see Table 1 ). L d16 levels above 65 dBA (the value that the OECD suggests as the daytime exposure limit; OECD, 1986) were exceeded by Category 1 and Category 2. At night, the L n index was under 45 dBA (a value considered by the WHO as a reference value for sleep disturbance; WHO, 1999) at only in workdays in Category 5. Finally, 11% of the population live in "black acoustic zones" (L den > 65 dBA), 89% in "grey acoustic zones" (65 dBA > L den > 55 dBA) and 0% in "white acoustic zones" (L den < 55 dBA), using the OECD criteria terminology (OECD, 1991).
Therefore, we conclude from the long-term measurement results that Plasencia, despite being a small city, has noise levels that might seriously affect the health and quality of life of a significant percentage of its population, especially at night. 
Analysis of categorisation method
As shown in Table 3 , the long-term measurement average values of all the analysed indices decrease when the number of the category increases. These results seem to indicate the existence of noise-level stratification in the city. Nevertheless, sampling point locations are not similar and obtained values must to be normalised.
Thus, long-term measurements were used to obtain the sound power level per length of traffic source (assuming it is linear). This calculation was necessary to compare the long-term results with the short-term results because different distances to the source must be considered with the reflection effects (ISO 9613-2, 1996). The average power level was evaluated in each category after accounting for these divergence and reflection effects. One order of reflection was considered; reflections on vertical obstacles were treated with the help of image-sources, as used in several national calculation methods (EC, 2003) . As shown in Table 4 , the sound power levels decrease when the category number increases, and there is practically no overlap. Table 4 clearly shows the existence of noise stratification in all of the time periods considered across the city. In addition, these results indicate that the categorisation method suitably characterises the noise stratification in the city. Nevertheless, the long-term measurements cannot statistically demonstrate that the categorisation method suitably discriminates this stratification due to the small number of sampling points (a maximum of four points per category). Thus, the existence of the mentioned stratification will be analysed using the results of the short-term measurements and checking the coherence among short-term and long-term results. Short-term measurements allowed us to obtain a dataset large enough to statistically examine the possible differences between the measured sound levels. In previous studies, approximately 10 sampling points per category were sufficient to analyse the differences between five categories (Barrigón Morillas et al., 2002; . Thus, as previously mentioned, 9-10 points were selected in Plasencia per category (see Table 1 ) to characterise the noise of the city that was not examined with the long-term measurements. Table 5 shows the average L eq values obtained for each category for short-term measurements and average sound power levels calculated both from short-term and long-term measurements (the latter being previously shown in Table 4 ). L eq values were obtained as the arithmetic mean of the sound level values of the points of each category. Sound power per unit length values for short-term measurements were obtained as the arithmetic mean of the power values of the different points which were obtained from the measured sound pressure levels with the same calculation procedure used for long-term measurements. As can be seen in Table 5 , sound power values are similar between short-term measurements and longterm measurements. These results indicate that, when averaging by category, short-term sound levels provide a sufficient approximation of the weekly sound levels in daytime period.
We performed a statistical analysis of the sound power values obtained from the street to examine the differences in sound power levels among the five categories. We sought to determine whether these differences were significant at a 95% confidence interval.
We proposed the following hypotheses for the analysis below:
• H 0 = There were no significant differences among the sound power level means of the different categories.
• H 1 = There were significant differences among the sound power level means of the different categories. Before conducting the appropriate statistical test to address the hypotheses, we analysed the normality of the data using the Shapiro-Wilk test (Shapiro, 1965) . We obtained a p-value of 0.0072, indicating that these data significantly differed from a normal distribution. This lack of normality, together with the small number of data in each category, suggests the use of nonparametric tests because the results are less disputable.
Thus, we first analysed the different categories using the Kruskal-Wallis test (Kruskal, Wallis, 1952) . We obtained a p-value of 1.037 · 10 −8 which indicates a significant difference among the categories. Then, we used the Mann-Whitney U test with a Bonferroni correction to perform multiple comparisons between different category pairs (Mann, Whitney, 1947 ; Martin, Altman, 1995). The results of this test are shown in Table 6 .
As shown in Table 6 , there were differences between all category pairs at a significance level less than or equal to 0.05. Thus, the categorisation method is a suitable method of studying the noise stratification in small cities.
As a second proof of this suitability, we used the ROC analysis (Hand, Till, 2001; Fawcett, 2006) to demonstrate the predictive capacity of this method. ROC has been previously and successfully used to support similar aims (Carmona del Río et al., 2011). Ta- Table 6 . Mann-Whitney U test results with a Bonferroni correction: (***) p < 0.001, (**) p < 0.01, and (*) p < 0.05. ble 7 shows the results of this analysis. As can be seen, the marks of the strata were close to the means of all categories. This proximity is indicative of the internal coherence of the category method. ROC analysis sensitivity is a measure of the capacity to include the previously assigned streets in the stratum. The results presented in Table 7 are encouraging: the sensitivity was 100% in Stratum 1, and 70% or greater in the other strata. Consequently, the overall sensitivity of the method was over 85%: of a group of five streets, four presented sound values that corresponded to the stratum to which they were assigned in the initial categorisation (prior to measurement).
Category
The nonspecificity measures the proportion of streets that were not initially assigned to a certain stratum but for which the ROC analysis indicates that they belong to that stratum. As shown in Table 7 , only Strata 4 and 5 revealed a nonspecificity greater than 5%. These values were less than 3% for the rest of the strata. The overall nonspecificity was 14.6% which is consistent with the overall sensitivity. This result means that, on average, the ROC analysis assigned less than one of the five streets to a stratum that was different from the one to which the categorisation method had assigned it.
Finally, the predictive values of the different strata represent the proportion of the streets that the ROC analysis assigned to the stratum that matched the categories to which they were initially assigned, relative to the total number of streets that the ROC analysis determined for the stratum. Table 7 shows that, except for Stratum 4, the predictive values were greater than 80%. The overall predictive value was 85%.
Conclusions
The primary conclusions of the present study are as follows:
• Considering that linear noise sources are similar for short and long-term measurements, the sound power levels in the daytime indicate that short-term measurements are sufficient when an adequate number of long-term measurements cannot be conducted.
• Significant short-term measurement differences were found among the different categories with regard to sound levels in the streets. This finding demonstrates the effectiveness of the categorisation method.
• We found a clear differentiation among the different categories with regard to the indices calculated from the long-term measurements.
From these conclusions, we surmise that the categorisation method can be expected to sufficiently estimate the long-term indicators recommended in the European Directive. Nevertheless, more studies are necessary to confirm this conclusion.
• We found that sound level variation behaves similarly throughout the day across the different categories. This finding implies that the city's sound is homogeneous across locations.
• The ROC analysis that examined the predictive capacity of the categorisation method in Plasencia found overall sensitivities and predictive values higher than 85% with regard to the categorisation method.
